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Abstract In this work we investigate the equilibrium con-
figurations of white dwarfs in a modified gravity theory, na-
mely, f (R,T ) gravity, for which R and T stand for the Ricci
scalar and trace of the energy-momentum tensor, respec-
tively. Considering the functional form f (R,T ) = R+2λT ,
with λ being a constant, we obtain the hydrostatic equilib-
rium equation for the theory. Some physical properties of
white dwarfs, such as: mass, radius, pressure and energy
density, as well as their dependence on the parameter λ are
derived. More massive and larger white dwarfs are found for
negative values of λ when it decreases. The equilibrium con-
figurations predict a maximum mass limit for white dwarfs
slightly above the Chandrasekhar limit, with larger radii and
lower central densities when compared to standard gravity
outcomes. The most important effect of f (R,T ) theory for
massive white dwarfs is the increase of the radius in compar-
ison with GR and also f (R) results. By comparing our re-
sults with some observational data of massive white dwarfs
we also find a lower limit for λ , namely, λ >−3×10−4.
1 Introduction
White dwarfs (WDs) are the final evolution state of main se-
quence stars with initial masses up to 8.5− 10.6M. They
correspond to 95-97% of all observed stars in the Universe
[1]. The main sequence progenitors can reach sufficiently
high core temperatures (8− 12× 108 K), to proceed to car-
bon burning and produce either oxygen-neon (ONe) core
WDs or undergo a core-collapse supernova (SNII) via elec-
tron capture on the products of carbon burning.
Chandrasekhar has shown that a WD cannot sustain a
mass over 1.44M, establishing the so-called Chandrasekhar
mass limit [2]. If a WD grows over this limit, as in binary
systems in which a WD is receiving mass from a nearby
ae-mail: araujogc@ita.br
star, a type Ia supernova (SNIa) explosion may occur. SNIa
progenitors are expected to be similar, with nearly equal lu-
minosity, therefore being considered standard candles [3]. In
fact, in the late 1990s, the use of SNIa led to the discovery
that the expansion of the Universe is accelerating [4, 5].
Nevertheless, some super luminous SNIas were found
recently [6, 7]. It has been suggested that their progenitors
are WDs that exceed the Chandrasekhar mass limit (2.1−
2.8M·) [6–11], being termed “super-Chandrasekhar WDs”.
WDs usually are not considered as a “laboratory” for
strong field regimes. However, general relativistic effects
have shown to be non-negligible in the massive and very
magnetic WD regime [12–16]. Particularly, it has been shown
in [13] and [17] that the inclusion of general relativistic ef-
fects tends to reduce the maximum mass of WDs with strong
magnetic fields. Chandrasekhar and Tooper showed that in-
stability criteria for WDs under radial oscillations in a gen-
eral relativistic framework has its consequences for critical
central density depending on the composition of the star
[18, 19]. Moreover, in [20–22] it was shown that this critical
central density yields a larger minimum radius in compari-
son with Newtonian gravity outcomes.
On this regard, despite the detection of gravitational wa-
ves [23] and innumerable other positive results, as one can
check, for instance, in [24], there are two cosmological phe-
nomena, namely dark energy and dark matter, not well un-
derstood within the General Relativity (GR) framework. Such
a dark sector of the universe composition is a possible indi-
cation that GR is not the ultimate theory of gravity, but a
particular case of a fundamental theory.
Also, the discovery of a very massive pulsar (PSR J1614-
2230) [25], with mass M = 1.97±0.04M, has led to inter-
pretative problems either on the neutron star physics or on
the background theory of gravity.
In fact, compact astrophysical objects, such as black ho-
les and neutron stars, are often used as a tool to constrain ex-
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2tended gravity theories. For instance, in [26, 27] the bounds
that could be placed on different gravitational theories using
gravitational wave detection from spiraling compact bina-
ries were investigated.
In particular, WD properties have been recently verified
from extended theories of gravity, as it can be checked, for
instance, in [28, 29].
The authors of Ref. [29] have explored WD properties
from an extension of GR, named f (R) gravity, with R be-
ing the Ricci scalar. They have shown that extended theo-
ries of gravity effects are significant in high density WDs
and that the Chandrasekhar limit is not unique. By assum-
ing f (R) = R+αR2, with constant α , they have obtained
super and sub-Chandrasekhar limiting mass WDs, depend-
ing on the magnitude and sign of α , getting in touch with
observations hardly explained within GR framework.
WD properties also proved to be useful to constrain mod-
ified theories of gravity. For instance, in [30] the free pa-
rameters of a scalar-tensor theory of gravity was widely re-
stricted by WD observational data.
In the present work, we are interested in analyzing WDs
within the f (R,T ) gravity [31], with T being the trace of the
energy-momentum tensor. More precisely, we will investi-
gate the hydrostatic equilibrium [32, 33] of WDs in such a
theory.
The f (R,T ) gravity has as its starting point a gravita-
tional action which depends generally on R and T . In this
way, after the application of the variational principle, the
field equations of the model are expected to present correc-
tion terms on both geometrical and material sides.
The f (R,T ) gravity application is motivated by its recent
outcomes in different areas. It has been shown that from a
minimal coupling between matter and geometry, predicted
in f (R,T ) theories, it is possible to obtain a flat rotation
curve in the halo of galaxies [34]. f (R,T ) models passed
through solar system tests in [35]. A complete cosmological
scenario was constructed from the f (R,T ) gravity in [36].
In [37], a cosmological model in accordance with observa-
tions was obtained from the simplest non-minimal matter-
geometry coupling within the f (R,T ) formalism. The va-
lidity of first and second laws of thermodynamics was dis-
cussed in [38].
Furthermore, the hydrostatic equilibrium equation in the
f (R,T ) gravity was originally derived in [39] and further
studied in [40]. In [41], the stability of collapsing spheri-
cal body coupled with isotropic matter was investigated. In
[42], the collapse equation in f (R,T ) gravity was derived
from the perturbation scheme application. In [43], the insta-
bility range of the f (R,T ) gravity for an anisotropic back-
ground constrained by zero expansions has been developed.
Moreover, the evolution of a spherical star by employing a
perturbation scheme was explored in [44, 45].
As it shall be outlined below, the f (R,T ) gravity may be
an important tool to study WD macroscopical properties. It
also can present some advantages when compared to f (R)
gravity predictions for such objects, as we will show.
2 A brief review of the f (R,T ) gravity formalism
Proposed by Harko et al. [31], the f (R,T ) gravity is a gener-
alization of the f (R) theories (check, for instance, [46]). Its
gravitational action depends on an arbitrary function of both
the Ricci scalar R and the trace of the energy-momentum
tensor T . The dependence on T is inspired by the consider-
ation of quantum effects.
The f (R,T ) action reads [31]
S =
∫
d4x
√−g
[
f (R,T )
16pi
+Lm
]
. (1)
In (1), f (R,T ) is the general function of R and T ,Lm is the
matter Lagrangian density and g is the determinant of the
metric tensor gµν . Throughout this work, it will be consid-
ered the metric signature −2 and c= 1 = G.
The field equations of the theory are obtained by varying
the action with respect to the metric gµν , yielding [31]
fR(R,T )Rµν − 12 f (R,T )gµν +(gµν2−∇µ∇ν) fR(R,T ) =
8piTµν − fT (R,T )(Tµν +Θµν), (2)
where
fR(R,T )≡ ∂ f (R,T )∂R , fT (R,T )≡
∂ f (R,T )
∂T
, (3)
Θµν ≡ gαβ
δTαβ
δgµν
, Tµν = gµνLm−2∂Lm∂gµν . (4)
Still in Equation (2) above, Rµν represents the Ricci ten-
sor, 2=∇µ∇µ is the D’Alembertian and ∇µ is the covariant
derivative.
From the covariant derivative of the field equation (2),
one obtains [39, 47, 48]
∇µTµν =
fT (R,T )
8pi− fT (R,T )×[
(Tµν +Θµν)∇µ ln fT (R,T )− 12gµν∇
µT +∇µΘµν
]
. (5)
We will consider the energy-momentum tensor of a per-
fect fluid, such that
Tµν = (p+ρ)uµuν − pgµν , (6)
where p and ρ represent the pressure and the energy den-
sity of the fluid, respectively, and uµ is the four velocity
3of the fluid, with uµuµ = 1 and uµ∇νuµ = 0. The energy-
momentum tensor and the conditions aforementioned imply
that
Lm =−p, (7)
Θµν =−pgµν −2Tµν . (8)
In order to obtain exact solutions in the f (R,T ) theory,
it is necessary to consider a specific form for the function
f (R,T ). Following a previous work [39], we will consider
the functional form f (R,T ) = R+ 2 f (T ) with f (T ) = λT
and λ a constant. Such a functional form has been broadly
applied in f (R,T )models [49–53] and allows the recovering
of GR by simply taking λ = 0.
By considering f (R,T ) = R+ 2λT in Eqs. (2) and (5),
it follows that
Gµν = 8piTµν +λ [Tgµν +2(Tµν + pgµν)], (9)
∇µTµν =− 2λ8pi+2λ
[
∇µ(pgµν)+
1
2
gµν∇µT
]
, (10)
with Gµν in Eq. (9) representing the usual Einstein tensor.
3 Stellar structure equations in f (R,T ) gravity
The line element used to describe spherical objects follows
the form:
ds2 = ea(r)dt2− eb(r)dr2− r2(dθ 2+ sin2 θdφ 2), (11)
where (t,r,θ ,φ) are the Schwarzschild-like coordinates and
the exponents a(r) and b(r) are functions of the radial coor-
dinate r.
Considering the space-time metric (11) in the field equa-
tion (9) we obtain:
G00 =
e−b
r2
(
b′r+ eb−1
)
= 8piρ+λ (3ρ− p), (12)
G11 =−
e−b
r2
(
a′r− eb+1
)
=−8pi p+λ (ρ−3p), (13)
G22 = G
3
3 =
e−b
4r
((
a′b′−2a′′−a′2)r+2(b′−a′))
=−8pi p+λ (ρ−3p), (14)
in which primes (′) indicate derivatives with respect to r.
Now, we introduce a new function m(r) which depends
on the radial coordinate only, in such a form that
e−b = 1− 2m
r
. (15)
By replacing it in Eq. (12) yields
dm
dr
= 4piρr2+
λ
2
(3ρ− p)r2, (16)
for which the function m=m(r) represents the gravitational
mass enclosed in a surface of radius r according to the f (R,T )
gravity.
An additional equation is derived from (10) and reads
dp
dr
+(ρ+ p)
a′
2
=− λ
8pi+2λ
(p′−ρ ′). (17)
Considering the relation ρ = ρ(p) and Eqs. (13) and
(15) in (17), the hydrostatic equilibrium equation for the
f (R,T ) = R+2λT gravity is obtained as
dp
dr
=−(p+ρ)
[
4pi pr+
m
r2
− λ (ρ−3p)r
2
](
1− 2m
r
)−1
×[
1+
λ
8pi+2λ
(
1− dρ
dp
)]−1
. (18)
It is quite simple to recover the usual TOV equation [32,
33] in (18) by making λ = 0.
We remark that stellar equilibrium configurations are found
only for:
λ
8pi+2λ
(
1− dρ
dp
)
>−1. (19)
If Eq.(19) is not satisfied, the sign of the pressure gradient
is changed, what makes the pressure to grow up from the
center of the star to its surface, instead of decreasing, which
is necessary for the star hydrostatic equilibrium. Since the
sound velocity v2s = dp/dρ is in the interval 0 < dp/dρ < 1
and for the WD equation of state (EoS), where the electron
degeneracy pressure is very small compared to the energy
density, due to the very large ion contribution, dρ/dp be-
comes very large, and we can rewrite (19) as
λ
8pi+2λ
<
dp
dρ
. (20)
Considering that dp/dρ tends to zero at the surface of the
WD, we have from (20) that only negative values for λ are
allowed.
4 Numerical procedure, boundary conditions and
equation of state
By using the set of equations (22) and (23), the equilibrium
equations (16) and (18) will be solved numerically through
the Runge-Kutta 4th-order method for diverse values of cen-
tral density ρc and λ .
The boundary conditions in f (R,T ) gravity will be the
same as in GR, i.e., at the center (r = 0) we have
m(0) = 0, p(0) = pc and ρ(0) = ρc. (21)
The surface of the star r = R is reached when the pressure
vanishes, i.e., p(R) = 0.
The EoS which describes the fluid properties inside WDs
follows the model used for complete ionized atoms embed-
ded in a relativistic Fermi gas of electrons [2, 54]:
4p(kF) =
1
3pi2h¯3
∫ kF
0
k4√
k2+m2e
dk, (22)
ρ(kF) =
1
pi2h¯3
∫ kF
0
√
k2+m2ek
2dk+
mNµe
3pi2h¯3
k3F , (23)
where the last term of the right hand side of Eq. (23) is
the ions energy contribution, and mN represents the nucleon
mass, me the electron mass, kF is the Fermi momentum, h¯
is the reduced Planck constant and µe = A/Z is the ratio be-
tween the nucleon number A and the atomic number Z for
ions, such that in the present work we use µe = 2, valid for
He, Ca, and O WDs. We neglected the lattice ion energy con-
tribution that is small and responsible for a small reduction
of the WD radius [12].
5 Results
The mass of the WDs as a function of their total radii is
shown in Fig. 1 for six different values of λ . λ = 0 recovers
the GR case.
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Fig. 1: Total mass as a function of the total radius for differ-
ent values of λ . The full magenta circles indicate the maxi-
mum mass points.
From Figure 1, we note that the masses of the stars grow
and their total radii increase until attain the maximum mass
point, which will be represented by full magenta circles. Af-
ter that, the masses decrease with the total radii. It is im-
portant to remark that the total maximum mass grows with
the decrement of λ and the radius increases much more
when we consider a fixed star mass. We also mention that
the curves above tend to a plateau when λ is ≈ −4×10−4.
For smaller values of the parameter λ , all stars are unsta-
ble, what can be seen in Figures 1 and 4 for λ = −1×
10−3, where ∂M/∂R < 0 and the necessary stability crite-
rion ∂M/∂ρc > 0 are not satisfied. So, from the equilib-
rium configurations, the minimum value allowed for λ is
∼ −4×10−4, which defines a limit for the maximum mass
of the WD in the f (R,T ) gravity to be ∼ 1.467M.
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Fig. 2: Mass as a function of the radius for massive WDs
with different values of λ . The blue circles with error bars
represent the observational data of a sample of massive WDs
taken from the catalogs [55, 56].
In addition, in Fig. 2 we highlight the massive WDs re-
gion of Fig. 1, in which we have also inserted some obser-
vational data taken from the catalogs of References [55, 56].
It can be clearly seen from Fig. 2 that some of the data can
hardly be described purely from General Relativity, while
some values of λ can, indeed, predict the existence of mas-
sive WDs with larger radii.
Thus, according to observations of some massive WDs,
in particular the most massive, WD (1659+440J), found in
[55], the inferior limit for λ is λmin ≈−3×10−4. We regard
that this restriction is obtained by neglecting the WD data
(0003+436J) with the largest error bar in Fig. 2. Such a con-
straint is more restrictive than the one obtained from Fig. 1,
with no observational data.
In Fig. 3 the energy density, fluid pressure and mass pro-
file in the interior of the star are plotted on the top, central
and bottom panels, respectively, as functions of the radial
coordinate. We take into account ρc = 109 [g/cm3] and dif-
ferent values of λ . On the top and central panels, we can ob-
serve that the energy density and the fluid pressure decrease
monotonically towards the surface of the object.
On the other hand, concerning the bottom panel, it can
be noted that the mass profile m/M, with M representing
the Sun’s mass, grows until it reaches the surface of the star.
It can also be seen that the total mass of the star increases
with λ . This is due to the effect caused by the term 2λT .
Fig. 4 shows the behavior of the total mass against the
central energy density of the stars. The values considered for
the central energy density are between 1.3× 108 and 4.2×
1011 [g/cm3]. The upper limit is the neutron drip limit, i.e.,
the point where the WD turn into a neutron star. We can
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Fig. 3: On the top panel it is presented the star energy den-
sity as a function of the radial coordinate, on the central
panel we show the star pressure fluid against the radial coor-
dinate and on the bottom panel we display the mass (in solar
masses, M) inside the star versus the radial coordinate. We
consider ρc = 109 [g/cm3] and the displayed values of λ .
note that the total mass grows monotonically with central
energy density until it attains a maximum value, except for
λ = −1×10−3. After that point, the stellar mass decreases
with the increment of ρc and becomes unstable.
Additionally, in Fig. 4, we observe an increment of the
maximum mass with λ (see also Table 1). For example, the
maximum mass value found in GR case (λ = 0) is 1.417M,
while for λ = −4× 10−4, it is 1.467M. A similar effect
for λ in the structure of the stars has been found for neu-
tron stars and strange stars [39, 57]. Moreover, it is remark-
able that for lower values of λ , the maximum mass point is
reached for lower values of ρc, which can be considered an
advantage of this approach when compared with f (R) the-
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Fig. 4: The dependence of the total mass of the white dwarfs
on central density for different values of λ .
ory of gravity or GR outcomes, as we will argue in the next
section.
In Fig. 5 the dependence of the total radius with the cen-
tral energy density is shown. In all cases presented, we can
note that the total radius decreases when the central energy
density is incremented. Larger radii are found for smaller
central energy densities when λ is decreased. This is the
most important effect of f (R,T ) theory for massive WDs,
that is, the increase of the radius, and as a consequence,
the decrease of the central density, in comparison with GR
and also f (R) results. This is mainly due to the fact that the
sound velocity becomes very small near the surface of the
star, so that the term (19) weakens the gradient of pressure,
yielding to the predicted larger radii.
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c [log (g/cm3)]
0
2000
4000
6000
8000
10000
12000
14000
16000
R
[k
m
]
= 4 × 10 4
= 3 × 10 4
= 2 × 10 4
= 1 × 10 4
= 0. 5 × 10 4
= 0
Fig. 5: The total star radius versus central density for differ-
ent values of λ .
In Table 1 the maximum masses are presented, with their
total radii and central energy densities, for each value of λ .
We can see that more massive and larger WDs are found
with the decrement of λ . The values of maximum masses
are obtained for lower central densities (range of ρc ∼ 109−
6λ M/M R [km] ρc [g/cm3]
0.0×10−4 1.416 1021 2.307×1010
−0.5×10−4 1.420 1146 1.803×1010
−1.0×10−4 1.425 1247 1.558×1010
−2.0×10−4 1.437 1590 9.567×109
−3.0×10−4 1.450 2168 5.345×109
−4.0×10−4 1.467 2970 3.366×109
Table 1: The maximum masses of the white dwarfs found for
each value of λ with their respective total radii and central
energy densities.
1010[g/cm3]) when compared with those predicted in the
f (R) gravity or GR scope (ρc ∼ 1011[g/cm3]) [29].
6 Discussion and conclusions
In this paper we investigated the effects of an extended the-
ory of gravity, namely f (R,T ) gravity, in WDs, by devel-
oping the hydrostatic equilibrium analysis for such a theory.
Our main goal was to check the imprints of the extra mate-
rial terms - coming from the T−dependence of the theory -
on WD properties.
One can argue that the hydrostatic equilibrium of com-
pact objects was already performed, originally in [39] and
posteriorly in [40], which is true, however those analysis
have not considered the WDs EoS (22)-(23) to close the
system of equilibrium equations to be solved, which char-
acterizes the path to obtain the new information content of
the present paper when compared to [39, 40]. In this way,
since recently it was shown that alternative gravity theo-
ries may contribute also to the macroscopical features of
WDs (check, for instance, [28, 29]), the present analysis is
worthed.
The hydrostatic equilibrium configurations of WDs in
alternative gravity theories others than f (R,T ) gravity can
be seen in the recent literature. In [28] the consequences of
modifications in GR were deeply analyzed in the WDs per-
spective. A similar approach can be seen in [29]. In [30] it
was shown that WDs provide a unique setup to constrain
Horndeski theories of gravity. In [58], it was explored the
effects that WDs suffers when described in various modi-
fied gravity models, such as scalar-tensor-vector, Eddington
inspired Born-Infeld and f (R) theories of gravity. Further-
more, WDs have been used to constrain hypothetical varia-
tions on the gravitational constant [59–61].
The equilibrium configurations of WDs were analyzed
for f (R,T ) = R+ 2λT with different values of λ and cen-
tral energy densities. We showed that the extended theory of
gravity affects the maximum mass and radius of WDs de-
pending on the value of λ .
Since gravitational fields are smaller for WDs than for
neutron stars or quarks stars, the scale parameter λ used here
is small when compared to the values used in Ref. [39]. In
this way, WDs data can be used as a tool to constrain an
inferior limit on λ , which is λmin ≈−3×10−4.
The values of the parameter λ used in the present article
are clearly small when compared to those of Reference [39],
in which the hydrostatic equilibrium configurations of neu-
tron and quark stars were calculated in f (R,T ) gravity. This
may be due to the fact that the compactness M/R of WDs
is small when compared to those of neutron and quark stars.
In fact, it can be seen in [39] that the values of λ needed
to get stable quark stars are greater than the values used for
neutron stars, as a probable consequence of the higher com-
pactness of quarks stars in relation to neutron stars. In this
way, these analysis indicate that higher compactness objects
would need higher deviations from GR.
We found that for λ =−4×10−4, the maximum mass of
the WD is 1.47M. This value is determined in a central en-
ergy density ∼ 85% lower and radius ∼ 110% greater than
those values used to find the maximum mass value in the
GR case (λ = 0). The outcomes for the central energy den-
sity are also smaller than those obtained in f (R) = R+αR2
gravity, for different values of α [29].
We argue about the advantages of having WDs with lower
central energy densities in the following. In [62] some con-
straints on the central density of a WD were obtained. The
authors have derived a system of equations and inequalities
that allows one to determine constraints on ρc. They have
found that ρc ≤ 109 g/cm3. Moreover, in a seminal paper
by Hamada and Salpeter [63], it was found that for the max-
imum masses of WDs, ρc ∼ 109 − 1010 g/cm3. Recently,
WD calculations in GR also showed that central energy den-
sities are limited by nuclear fusion reactions [12, 16, 64]. It
is worth quoting that the values of the central energy den-
sities that we have obtained for the f (R,T ) gravity respect
these constraints. In contrast, what has been found for the
central energy density of WDs in f (R) gravity is ρc ∼ 1011
g/cm3 [29].
As a direct extension of the present work, one can also
consider quadratic terms on T for the functional form of
f (R,T ), that is, f (R,T ) = R+ 2λT + ξT 2, with ξ being
a free parameter. Since the extra material terms seem to
yield an increment on the mass of WDs, one may expect
the presence of the quadratic term T 2 to significantly elevate
the Chandrasekhar limit and predict the existence of super-
Chandrasekhar WDs [6, 7], which still require convincing
physical explanation.
Also, in a further work, the analysis presented here can
be performed in models of nonminimal torsion-matter cou-
pling, like those in References [65, 66]. While the hydro-
static equilibrium of quark stars has already been performed
7in such models [67], the application for neutron stars and
WDs still lacks.
Acknowledgements GAC would like to thank CAPES (Coordenação
de Aperfeiçoamento de Pessoal de Nível Superior) for financial sup-
port. RVL thanks CNPq (Conselho Nacional de Desenvolvimeno Cien-
tífico e Tecnológico) process 141157/2015-1 and CAPES/PDSE/88881.
134089/2016-01 for financial support. He is also sincerely grateful to
staff of ICRANet, Pescara, Italy, for kind hospitality during his visit.
PHRSM would like to thank São Paulo Research Foundation (FAPESP),
grant 2015/08476-0, for financial support. JDVA, RMM and MM ac-
knowledge CAPES, CNPq and FAPESP thematic project 13/26258-4.
All computations were performed in open source software and the
authors are sincerely thankful to open source community [68–71].
References
1. S.E. Woosley, A. Heger, Astrophys. J. 810, 34 (2015).
2. S. Chandrasekhar, Astrophys. J. 74, 81 (1931).
3. S. Weinberg, Cosmology. (OUP, Oxford, 2008).
4. A.G. Riess et al., Astron. J 116(3), 1009-1038 (1998).
5. S. Perlmutter et al., Astrophys. J. 517(2), 565 (1999).
6. D.A. Howell et al., Nature, 443, 308-311 (2006).
7. R.A. Scalzo et al., Astrophys. J. 713(2), 1073 (2010).
8. M. Hicken et al., Astrophys. J. Lett. 669(1), L17 (2007).
9. M. Yamanaka et al., Astrophys. J. Lett. 707(2), L118
(2009).
10. S. Taubenberger et al., Mon. Not. R. Astron. Soc.
412(4), 2735-2762 (2011).
11. J.M. Silverman et al., Mon. Not. R. Astron. Soc. 410(1),
585-611 (2011).
12. K. Boshkayev et al., Astrophys. J. 762(2), 117 (2012).
13. P. Bera, D. Bhattacharya, Mon. Not. R. Astron. Soc.
456(3), 3375-3385 (2016).
14. J.G. Coelho et al., Astrophys. J. 794(10), 86 (2016).
15. B. Franzon, S. Schramm, Phys. Rev. D 92(10), 083006
(2015).
16. E. Otoniel et al. arXiv:1609.05994
17. W. De-Hua, L. He-Lei, Z. Xiang-Dong, Chin. Phys. B
23(8), 089501 (2014).
18. S. Ji et al., Astrophys. J. 773(2), 136 (2013).
19. S. Chandrasekhar, R.F. Tooper, Astrophys. J. 139, 1396
(1964).
20. G. Carvalho, R. Marinho, M. Malheiro, J. Phys. Conf.
Ser., 630(1), 012058 (2015).
21. G. Carvalho, R. Marinho, M. Malheiro, in THE SEC-
OND ICRANet CÉSAR LATTES MEETING: Supernovae,
Neutron Stars and Black Holes, vol. 1693, p. 030004. AIP
Publishing (2015).
22. G.A. Carvalho, R.M. Marinho Jr, M.Malheiro. arXiv:
1709.01635
23. B.P. Abbott et al., Phys. Rev. Lett. 116(6), 061102
(2016).
24. C.M. Will, Living Rev. Relat. 17(1), 4 (2014).
25. P.B. Demorest et al., Nature 467(7319), 1081-1083
(2010).
26. E. Berti, A. Buonanno, C.M. Will, Class. Quantum
Gravity 22(18), S943 (2005).
27. P.H.R.S. Moraes, O.D. Miranda, Astrophys. Space Sci.
354(2), 2121 (2014).
28. U. Das, B. Mukhopadhyay, Int. J. Mod. Phys. D 24(12),
1544026 (2015).
29. U. Das, B. Mukhopadhyay, J. Cosmol. Astropart. Phys.
2015(05), 045 (2015).
30. R.K. Jain, C. Kouvaris, N.G. Nielsen, Phys. Rev. Lett.
116(15), 151103 (2016).
31. T. Harko et al., Phys. Rev. D 84(2), 024020 (2011).
32. R.C. Tolman, Phys. Rev. 55(4), 364-373 (1939).
33. J.R. Oppenheimer, G.M. Volkoff, Phys. Rev. 55(4), 374-
381 (1939).
34. R. Zaregonbadi, M. Farhoudi, N. Riazi, Phys. Rev. D
94(8), 084052 (2016).
35. H. Shabani, M. Farhoudi, Phys. Rev. D 90(4), 044031
(2014).
36. P.H.R.S. Moraes, J.R.L. Santos, Eur. Phys. J. C 76(2),
60 (2016).
37. P.H.R.S. Moraes, P.K. Sahoo, Eur. Phys. J. C 77(7), 480
(2017).
38. M. Sharif, M. Zubair, J. Cosmol. Astropart. Phys.
2012(03), 028 (2012).
39. P.H.R.S. Moraes, J.D.V. Arbanil, M. Malheiro, J. Cos-
mol. Astropart. Phys. 2016(06), 005 (2016).
40. A. Das et al., Eur. Phys. J. C 76(12), 654 (2016).
41. M. Sharif, Z. Yousaf, Astrophys. Space Sci. 354(2),
2113 (2014).
42. I. Noureen, M. Zubair, Astrophys. Space Sci. 356(1),
103-110 (2015).
43. I. Noureen, M. Zubair, Eur. Phys. J. C 75(2), 62 (2015).
44. I. Noureen et al., Eur. Phys. J. C 75(7), 323 (2015).
45. M. Zubair, I. Noureen, Eur. Phys. J. C 75(6), 265
(2015).
46. S. Nojiri, S.D. Odintsov, Phys. Rep. 505(2), 59-144
(2011).
47. F.G. Alvarenga et al., Phys. Rev. D, 87(10), 103526
(2013).
48. J. Barrientos O., G.F. Rubilar, Phys. Rev. D, 90(2),
028501 (2014).
49. F.G. Alvarenga et al., Journal of Modern Physics,
04(01), 130-139 (2013).
50. P.H.R.S. Moraes, Astrophys. Space Sci. 352(1), 273-
279 (2014).
51. P.H.R.S. Moraes, Eur. Phys. J. C 75(4), 168 (2015).
52. M.F. Shamir, Eur. Phys. J. C 75(8), 354 (2015).
53. P.H.R.S. Moraes, R.A.C. Correa, R.V. Lobato, J. Cos-
mol. Astropart. Phys. 2017(07), 029 (2017).
54. S. Chandrasekhar, Mon. Not. R. Astron. Soc. 95, 207-
225 (1935).
855. S. Vennes, P.A. Thejll, R.G. Galvan, J. Dupuis, Astro-
phys. J. 480, 714-734 (1997).
56. M. Nalezyty, J. Madej, Astron. Astrophys. 420, 507-513
(2004).
57. M. Malheiro, M. Fiolhais, A.R. Taurines, J. Phys. G 29,
1045 (2003).
58. S. Banerjee et al. arXiv:1705.01048
59. L.G. Althaus et al., Astron. Astrophys. 527, A72
(2011).
60. E. García-Berro et al., J. Cosmol. Astropart. Phys.
2011(05), 021 (2011).
61. A.H. Córsico et al., J. Cosmol. Astropart. Phys.
2013(06), 032 (2013).
62. S.A. Mikheev and V.P. Tsvetkov, Phys. Part. Nucl. Lett.
13(4), 442-450 (2016).
63. T. Hamada and E.E. Salpeter, Astrophys. J. 134, 683
(1961).
64. N. Chamel, A.F. Fantina, P.J. Davis, Phys. Rev. D 88,
081301(R) (2013).
65. T. Harko et al., Phys. Rev. D 89, 124036 (2014).
66. T. Harko et al., JCAP 12, 021 (2014).
67. M. Pace and J.L. Said, Eur. Phys. J. C 77, 62 (2017).
68. J. W. Eaton et al., GNU Octave version 4.2.0, (2016).
http://www.gnu.org/software/octave/doc/
interpreter
69. M. Droettboom et al., Matplotlib: V2.0.0 (2017).
https://doi.org/10.5281/zenodo.248351
70. Python Software Foundation: Python Language Refer-
ence, version 3.6.0 (2017). https://www.python.org/
71. Maxima, a Computer Algebra System. Version 5.39.0
(2016). http://maxima.sourceforge.net/
